-(linear and neutral polymer) has, because of its hydrophilic character, a high 59 water-binding capacity and also has, in its structure, hydrophobic methyl and 60 hydrophilic hydroxypropyl groups located, which makes HPMC an interface activity in 61 the dough system during the resting period promoting dispersion and preventing 62 coalescence of the gas bubbles. HPMC can create a reversible, heat-set gel network 63 (Haque et al 1993) that leads to an increase in dough viscosity and stabilization of the 64 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 4 boundaries of the expanding gas cells. During baking, the gas-binding capacity is 65 increased and higher volume can be achieved ((Bell 1990; Collar et al 1999). 66
Single BBG addition fails to mimic gluten visco-elasticity properly, but simultaneous 21 incorporation of either SFE or NE contribute to bread improvement in terms of bigger 22 volume and smoother crumb. . . 3.3 g of BBG (70% purity) and 104mL of water 23 addition to 100 g rice flour provided sensorially accepted breads (7.6/109) with a 24 theoretical ß-glucan content of 1.24 g/100 g GF bread that would allow a daily ß-25 glucan intake of 3 g withprovided a bread consumption of 240g/day. A daily intake of 26 240 g of BBG-enriched GF bread (four servings) is high enough to meet the 27 requirements of the EFSA health claim (3 g/day), contributing a reduced blood 28 cholesterol levelComplementary tests should be carried out to testknow the amount and 29 molecular weight of ß-glucan in the final bread before assuring the nutritional benefit of 30 this addition. 31 F o r P e e r R e v i e w
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The increased consumer demand for healthy foods has driven to address concerted 42 efforts from both research and industry to develop breads that combine properly health 43 benefits with good physico-chemical and sensory properties. This goal is specially 44 challenging in gluten-free (GF) breadmaking where the lack of gluten biopolymer 45 seriously constrains dough visco-elastic character, leads to a failure in carbon dioxide 46 entrapment, and hence deteriorates the techno-functional quality of resulting breads. In 47 addition, a poor nutritional balance often characterises the multi-ingredient GF matrices 48 (Thomson 2009 ). GF baked goods are often low in fibre, both soluble and insoluble; 49 consequently its enrichment with dietary fibre seems to be necessary (Sabanis et al. 50 2009). 51
The natural, synthetic and biotechnological hydrocolloids, because of their high water-52 binding capacity and their structure-creating behaviour, are mostly used in the different 53 recipes for replacing the gluten network and its functionality (Houben, Hoechstoetter, 54 and Becker 2012). Water availability plays a crucial role in the functionality of 55 hydrocolloids by binding to the macromolecules in three different ways: via hydrogen 56 bounds, embedded in inter-or intramolecular openings or immobilized by structuring 57 (Anton 2008 A straight dough process was performed using the following formula on a 100 g rice 115 flour basis: 6% oil, 5% sucrose, 2 % salt, 3% dried yeast, and 70% water. Combinations 116 of fibres according to a Draper-Lin small composite design for sampling (Draper and 117
Lin 1990) were added to the basic formula at different hydration levels (Table 1) . 118 Design factors (quantitative independent factors) tested at five levels (-1.4142, -1, 0, 1, 119 1.4142), included SFE (from 0.10 to 2.50 g/100 g flour basis), NE (from 0.10 to 2.50 g 120 /100 g flour basis), BBG (from 0.10 to 3.90 g/100 g flour basis), and WATER (from 0 121 to 40 mL extra water with respect to 70mL/100 g flour basis, that was the minimum 122 amount added).. The model resulted in 19 different combinations of fibre-enriched 123 hydrated rice-based doughs, including three central point replicates. These replicates 124
were made in order to know the repeatability and accuracy of results. GF dough-making 125 was achieved by blending first solid ingredients in a kitchen-aid professional mixer 126 (KPM5) for 10 s at speed 2. Then, liquid ingredients (oil and water at 20 ± 2 ºC) were 127 added and mixed for 5 min at speed 6. The dough, 200 g, was placed into an alumnium 128 oil coated pan and was proofed at 30ºC and (90 ± 5) % relative moisture for 40 min. 129 . L* ranges from 0 (black) to 100 (white). The hue scale extends from 153 0º (red), 90º (yellow), 180º (green) to 270º (blue). The chroma informs about the purity 154 of the colour: a near zero C* value corresponds to a colour of low purity, near grey. On 155 the opposite high C* values mean colours of high purity near the pure spectral colours. 156
Colour determinations were made 5x5 times: bread crumb and crust colours were 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 to assess the quality and staling behaviour of fibre-enriched GF breads made according 179 to a Draper-Lin design. Retrieved instrumental physical parameters and sensory results 180 were analysed for dependence on dough hydration and on viscous dietary fibres, and for 181 correlations between dough and bread parameters (Table 5 and 6) . 182
Effect on physical properties of fresh breads 183
Analytical data on bread characteristics (Table 2) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 did not showed a significant dependence on dough water content, being 1.6% the dose 205 that led to the maximum size of the bread (Fig 1.a) . From the multivariate regression 206 equation the individual addition of 1.6% SFE to the dough with the minimum water 207 content tested (70%, equivalent to 0 level in the design) would nearly double the initial 208 volume of the bread, passing from 1.4 mL/g to 2.7 mL/g. For this SFE dose, a water 209 increase from 70% to 90% would lead to an additional specific volume increase by 210 37%. 90% of dough hydration (equivalent to 20 level in the design) led to the 211 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Authors related pocket formation to a poor dough consistency due to an excess of water. 270
Up to a certain level, a soft consistency, as promoted by high water addition and limited 271 amounts of hydrocolloids, seems to be advantageous, allowing a larger increase in 272 volume. However,The excessive low consistency seems to cause the bubbles to become 273 unstable, coalescing and resulting in large holes, after the crust has formed. In 274 preliminary tests, with individual additions of either SFE or NE, it was found that the 275 occurrence of grain defect took place mainly for SFE breads and for water doses above 276 90%, flour basis. Owing to the differences between the two types of HPMC used in the 277 present work, defects could be related to the facility of crust forming that could be 278 higher in the case of SFE (a semi-firm gel forming) than in NE (a weak gel forming) 279 helping retain the large bubbles formed inside the crumb. With no exception, defects 280
were only observed at water amounts above 90%. 281 (Table 42) . When water content is low, 288 increasing water results in an increase of the rate of water lost by evaporation. However, 289 when the water content is high enough, above a critical amount an additional water 290 increase did not lead to an additional increase in the loss of weight, since the amount of 291 water lost during baking is determined by baking time that remained constant in this 292 study. In absence of hydrocolloids the maximum loss of weight increase was 20% and 293 took place at a dough hydration of 94%. The marked effect of water content on loss of 294 weight during baking probably masked the effect of the remaining design factors. 295
Although no significant coefficients were obtained for SFE in the multifactor 296 baking also maximized the bread specific volume at each BBG addition. 313
Texture of the bread 314
Fresh bread crumb firmness varied from 1 N to 17 N (Table 2) , which means a very 315 wide range of crumb hardness among tested breads. From the multiple regression study, 316 firmness was only significantly affected (p <0.05) by both water and BBG (Table  317 4Table 2). These only two factors could explain 91% of the variability of fresh bread 318 firmness, as indicates the R 2 value included in Table 4Table 2. The effect of cellulose 319 derivatives, which was detected by the analysis and comparison of individual 320 experiences (Table 2) , was notably smaller than that associated to the other two 321 ingredients. The individual addition of SFE led to a decrease in firmness (runs 3, 7 and 322 9) that did not reach a significant level, while NE hardly showed any effect (runs 1, 5 323 and 10). In absence of hydrocolloids, a significantly softer crumb was observed when 324 the water content was increased from 70% to 90% (Fig. 1c) , aas it was observed 325 reported earlier (McCarthy et al 2005) . However, as can be predicted from the positive 326 quadratic coefficient, additional amounts of water made crumb firmer again.. Firmness 327 evolution could be explained in parallel to specific volume evolution. In fact, both 328 properties showed a significant (p<0.001) negative correlation (see section 3.3). Water 329 dosage that led to a minimum crumb firmness led to a concomitant maximum specific 330 volume. The same could be reported from the BBG effect. Additional amounts of water 331 in absence of hydrocolloids, probably decreased dough consistency too much and 332 hindered dough gas retention ability during proofing and baking. The fact would explain 333 the decrease in bread volume and the consequent increase in bread firmness. 334
The individual effect of BBG can be concluded from the high positive coefficient of the 335 linear term of the regression equation (Table 4Table 2 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table 2Fig. 
1c). 352
Chewiness of breads ranged 0.3 -5.8 N and varied in parallel as hardness did (Table  353 4Table 2). This could be expected as both textural properties are directly related. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Table 4Table 2) it 378 would be predictable a 10% increase in bread crust Lightness for the maximum dough 379 hydration of 110% (40 level) with respect to the lowest one (70%). This was probably 380 due to the reduction of Maillard reaction progress progress, main responsible for crust 381 browning during baking, dueas consequence of to this reaction precursor's dilution. 382
Single SFE incorporationaddition to a dough with the minimum water content, 70%, to 383 dough would lead to a 12% of maximum decrease in bread crust Lightness L* at a dose 384 of 2%. However, , as it can be concluded from the negative regression coefficient. 385
Decrease of available water in crust due to the SFE water binding in a matrix with 386
Page 16 of 33 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Bread crust hues, significantly affected by all the factors studied (Table 2 ) 399 corresponded to more yellowish (h=90) than reddish (h=0) colours. Bread crust hue was 400 significantly affected by all the factors studied (Table 4) 
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Bread staling 421
Bread staling was assessed by means of hardness evolution over 9 days (Figure 13) . concentration of NE to a fixed concentration of 1.3% SFE hardly changed hardness 440 curves (Figure 3b) . SFE, therefore, showed a clearly better ability than NE to increase 441 bread keepability. In previous studies it has been found that carboxymethylcellulose 442 (CMC), added to GF doughs, controlled crumb hardening after three days storage 443 (Lazaridou et al 2007) . 444
As it can be seen in Fig. 1a , higher contents of BBG accelerated the aging of breads 445 with 90% of water and 2.6% of HPMC (1.3% SFE + 1.3% NE)As it can be seen in 446 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 led to an increase in the hardness after one day of 17% and 38% respectively. In long-467 term storage, water content interactions with hydrocolloids exerted the most marked 468 effects on crumb hardness. BBG was responsible for a significant crumb hardening after 469 nine days of storage, but the provision of additional water content to the formula 470 reduced significantly the effect.. 471
Effect on bBread sensory quality 472
The coefficients of the regression fitting models for the sensory attributes (0.76 ≤ R 2 ≤ 473 0.90) are compiled in Table 4Table 2. Panelists scored crumb grain for both cell size 474 and distribution, giving low ratings to big and heterogeneously distributed alveoli and 475 high ratings to small and homogeneous gas cells (Table 3) . SFE, BBG and wwater 476 markedly affected crumb grain scores that varied between 2.4±0.5 and 9.7±0.5 in the 477 scale 1-10. Negative coefficients of single BBG and/or Water (Table 4Table 2) suggest 478 both factors increased alveoli size and crumb grain heterogeneity, although BBG 479 quadratic coefficient supports that from 1.7 % BBG addition crumb grain ratings 480 became higher. SFE and Water showed a significant negative interaction on crumb 481 grain scores, so that, high SFE dosages to softer doughs led to a prominent decrease in 482 crumb grain ratings (Table 3) . Lower crumb grain scores were concomitant with the 483 presence of big holes (pockets) in bread crumb, and unaccepted by panelists. Ratings for 484 crumb softness and smoothness (Table 3) were parallel and dependent on Water, BBG 485 and SFE (Table 24) . Increased water amounts up to 95 -100% hydration in dough 486 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 According to panelits' scores, overall acceptance was mainly/significantly dependent on 495 crumb grain, and softness and smoothness (Table 6Table 4 ). Breads with water 496 formulation greater/equal than 90% (flour basis) deserved acceptance (≥ 5/9), with the 497 exception of Run 13, including 3.9 % BBG. It should be noticed that the bread of Run 498 12 (3.34% BBG, 0.45% SFE, 2.15% NE, 104% WATER), was individually preferred 499 (7.6±0.4/9). The ratio BBG/Water of this formulation coincided with that predicted 500 from the regression equations as a ratio capable of optimizing the bread quality leading 501 to minimum bread firmness and maximum specific volume. 502
Correlation between variables. 503
Multivariate data handling of dough visco-elastic and bread quality parameters supplied 504 useful information on the significantly correlated dough and bread characteristics. 505
Fundamental and empirical dough rheological properties were reported in a previous 506 work (Ronda et al 2013) . Using Pearson correlation analysis, a range of correlation 507 coefficients (r) (from 0.46 to 0.90) was obtained for the relationships between dough 508 viscoelastic parameters and bread properties of fibre-supplemented rice-based matrices 509 (Table 5Table 3). Table 6Table 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 forming NE led to harder and lower volume breads than semi-firm gel forming SFE did, 545 probably ascribed to the ability of hydroxypropyl groups to form a stable solvate shell 546 in water restricting available water for starch to swell. It should be noticed that the 547 surplus of water needed to incorporate large amounts of BBG into bread favoured the 548 formation of big holes (pockets) in bread crumb particularly when SFE is was included 549 into formulation. Visible holes could be probably related to the easier crust forming 550 ability of SFE than NE helping retain the large bubbles formed inside the crumb. A 551 dough hydration of 90% would be recommended to get the maximum volume of no 552 BBG added breads. This optimal amount of water would increase at a rate of 5-6% per 553 1% increase in BBG. 554 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 60 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 Table 3 : Pearson product moment correlations between pair of variables measured in dough and bread. These correlation coefficients range between -1 and +1 and measure the strength of the linear relationship between the variables. The rheological properties correspond to the fitting of experimental oscillatory measurements to power law model (G' = G' 1 ·ω a ; G'' = G'' 1 ·ω b ; tan δ = (tan δ) 1 ·ω c ). Creep test results to the 6-parameter Burgers model (where J o and µ o are the instantaneous compliance and the steady state viscosity respectively); Consistency is the firmness measured in an extrusion empirical test (Ronda et al. 2013 ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 Table 4 : Pearson product moment correlations between pair of variables measured in bread. These correlation coefficients range between -1 and +1 and measure the strength of the linear relationship between the variables. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 
Specific volume
Loss of weight
Firmness
Loss of weight
Firmness
